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[57] ABSTRACT

A power saving device for use in a power supply circuit
has an electronic switching element which 1s turned on
when a pushbutton normally open type switch is closed
to actuate a DC-DC converter and a fully electronic
control system which forces the electronic switching
element into the non-conduction state after a predeter-
mined time interval, to interrupt the connection of a
low-voltage power source to the DC-DC converter.

S Claims, 4 Drawing Figures .
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POWER SAVING DEVICE FOR ELECTRONIC
FLASH

BACKGROUND OF THE INVENTION

The present invention relates to a power saving de-
vice for use in a power supply circuit of the type using
a DC-DC converter.
- Power supply circuits of the type in which a voltage
supplied from a low-voltage power source 1s stepped up
by a DC-DC converter and supplied to a load have been
widely. used in various electric equipment and espe-
cially in small-sized equipment. In general, these power
supply circuits are actuated by closing a mechanical
start switch such as a slide switch. Therefore, in the case
of,i for instance, an electronic flash device, it occurs
- very often that one fails to open the start switch before
the electronic flash device is inserted back into its case
or_ put into a pocket Moreover, even when the start
switch is opened, it is very often closed erratically again
when it is inserted into the case or put into the pocket.
As a result, the power source is wasted for nothing.
~'In order to overcome this problem, there have been
proposed various types of automatic power-supply
shutoff devices. In one type, a mechanical switch and
the so-called “off” type magnet, which is energized
“when supplled with a current, are combined with a
timer so that after a predetermined time interval, which
is set by the timer, the power supply 1s automatlcally
 shut oﬂ' More sPeclﬁcally, an electromagnet is opera-
tively combmed ‘'with a mechanical switch which is
- normally opened to shiut off the supply of power to a
DC-DC converter. The electromagnet is energized to
force the normally open switch to be closed against its
. biasing force so that the supply of power to the DC-DC

converter ‘can be maintained only for a predetermined

time interval. After a predetermined time interval, the
electromagnet is de-energized so-that the mechanical
~normally open switch is forced to open by the biasing
force: To put into another ‘way, when the magnet is
_energzed the on-off switch is closed so that the power
is.supplied from the power source to the load. How-
ever, depending upon the load, when the magnet is
energized, a large current flows into the DC-DC con-
“verter from the power source so that the voltage across
the: power source drops exceedingly to such an extent
that the electromagnet cannot be maintained-energized.
As a consequence, the power supply is interrupted and
the electric ‘equipment cannot be activated.

- Moreover, there arises another problem. That is, the
automatic power-supply shutoff device of the type in-
cludes the'electromagnet and its control system so that
it becomes large in size and complex in construction.
Therefore, it is not adapted to be incorporated into
small-size electric equipment.

There has been also devised and demonstrated an-
other automatic power-supply shutoff device of the
type utilizing a mechanical switch and the so-called
“ON” type magnet which is a permanent magnet so
designed and arranged as to be demagnetized when the
coil mounted thereon is energized. The demagnetiza-
tion time interval is controlled by a timer circuit. In
contrast with the automatic shutoff device of the type
utilizing -the “off” type magnet, the mechanical switch
can be maintained in a desired state by the attractive
force of the permanent magnet. When the switch 1s
closed, it can be maintained in the closed state in a stable
manner even when a large current is supplied from the
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power source to the load. However, this type of device
also has a drawback. That is, a predetermined time
interval which is set by the timer circuit, the demagne-
tizing .current is instantaneously supplied to the demag-
netizing coil so that the switch is returned to the open
state. Therefore, the permanent magnet is demagnetized
many times, its attractive force is so diminished that it.

~ cannot hold the switch in the closed state. Moreover,
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when the power source is used many times, the current
cannot be supplied which is sufficient enough to demag-
netize the permanent magnet holding the switch and
consequently the power is kept supplied. In addition,
the permanent magnet used is large in size and expen-
sive. If a poor quality permanent magnet. 1s used for the
sake of savings in cost, reliability in operatlon would be
inevitably degraded. -

As described above, the prmr art power saving de-
vices have various problems as described above and the
present invention was made to overcome them.

SUMMARY OF THE INVENTION

One of the objects of the present invention is, there-
fore, to provide a power saving device for use in a
power supply circuit comprising a low-voltage power
source and a DC-DC converter which device can per-
mit the supply of power or energy from the power
source to the DC-DC converter only for a predeter-
mined time interval. E

Another ob_]ect of the present invention is to provide
a power savmg device which is of the fully electronic
type, that is, whlch comprises electronic component
parts only. |

A further object of the present invention is to provide
a power saving device provided with a means which
can deactivate, without fail, the DC-DC converter a

predetermined time after it has been activated.

A yet further object of the present invention is to
provide a power saving device which is compact in size
and light in weight yet highly reliable in operation so
that it is best adapted to be incorporated in a small
electric equipment such as an electronic flash device or
d camera with a built-in electronic flash system.

A still another object of the present invention is to
provide a power saving device provided with a timer
circuit which can be controlled in response to the
brightness of a subject or object.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-4 are circuit diagrams of first through fourth
embodiments, respectively, in accordance with the
present invention. | |

Same reference numerals are used to designate similar
parts throughout the figures.

'DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment, FIG. 1

In FIG 1 is shown a circuit dlagram of a first embodi-
ment of a power saving device in accordance with the
present invention. For the sake of description of the
present invention, a power supply comprising a power

- source and a DC-DC converter 1s used for an electronic

65

flash device. |
Reference numeral 1 designates a power source; 2, a
DC-DC converter comprlsmg the power source 1 an
oscillation transistor 3, an oscillation transformer 4 and
a rectifying diode 5; 6, a main flash capacitor; 7, an
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electronic flash lamp; and 8, a trigger circuit. These
circuit components constitute an electronic flash device
generally indicated by the reference letter A.

An extremely-low-frequency oscillator 14 comprises
NAND gates 9 and 10, a capacitor 11 and resistors 12
and 13. A power on-off transistor 15 i1s controlled in

response to the output from the low-frequency oscilla-
tor 14. A start switch 16 is the normally open type such
as a push-on switch. A power supply circuit 22 com-

prises the power on-off or switching transistor 13, the
normally-open type start switch 16, resistors 17 and 18,
a NAND gate 19, a diode 20 and a capacitor 21. A

voltage accumulator generally indicated by 26 com-

prises a diode 23, a capacitor 24 and a- NAND gate 23.
A light-emitting diode 27 is turned on when the on-

10

15

off transistor 15 is turned on. Reference numeral 28

denotes a diode; and 29, a capacitor which. supplies
power to the NAND gates 9, 10, 19 and 25 and which
functions in such a way that the adverse effects due to
the variations in voltage of the power supply 1 when a
DC-DC converter 2 is just activated will not be felt by
these NAND gates. A transistor 30 i1s controlled in
response to the output from the power saving circuit
generally indicated by B, thereby controlling the tran-
sistor 3 in the DC-DC converter 2.

It is apparent from FIG. 1 that the power source 1
always supplies power to the NAND gates 9, 10, 19 and
25. It is not preferable to use, as the NAND gates, IC
gates comprising TTLs and/or 1ILs because they start
to consume power immedtately after the power source
1 is mounted. Therefore, the present invention uses
NAND gates consisting of CMOS IC gates which will
hardly consume current even when they are connected
to the power source 1. |

Next, the mode of operation of the electronic ﬂash
device with the above-described construction will be
described. First, the start switch 16 is closed. Then, the
voltage of the power source 1 is divided by the resistors
17 and 18 and a divided voltage is impressed across the
base and emitter of the power on-off transistor 185. If this
voltage is high enough to supply the base current to the
power on-off transistor 15, that is, if the power source 1
is still usable, the transistor 15 is turned on so that a
voltage substantially equal in level to that across the
power source 1 is derived from the collector of the
power on-off transistor 15 and applied to the extremely-
low-frequency oscillator 14 and the voltage accumula-
tor 26. Concurrently the light-emitting diode 27 is
turned on to indicate that the above-described step has
been completed.

On the other hand, if the divided voltage 1s so low
that 1t cannot supply a sufficient base current to the
power on-off transistor 135, the latter will not be turned
on. As a result, no power 1s supplied from the power
source 1 to the extremely-low-frequency oscillator 14
and the voltage accumulator 26 and the light-emtting
diode 27 remains turned off. Therefore, the operator
can notice that the power source 1 has been almost
consumed and must be replaced with a new one.

When the voltage is supplied once through the power
on-off transistor 15, the potential at the input terminal a
of the low-frequency oscillator 14 goes high so that the
output terminal also goes high, but the outputs from
NAND gates 19 and 25 go low.

As a consequence, the base current can be kept sup-
plled to the power on-off transistor 15 so that the latter
is maintained turned on, but the transistor 30 is main-
tained in the nonconduction state. At the same time, the
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4

voltage of the power source 1 i1s continuously kept
supplied across the base and emitter of the transistor 3 in
the DC-DC converter 2 through the power on-off tran-
sistor 15 so that the oscillation transistor 3 1s turned on.
Thus, the DC-DC converter 2 is actuated. The voltage
across the main flash capacitor 6 rises to a level which

is dependent upon the turns ratio of the oscillation trans-

former 4 and at whlch the electronic flash lamp 7 can be
flashed.

When the operator depresses the shutter release but-
ton or the like of a camera, the trigger circuit 8 causes
the flash lamp 7 to flash, consuming the energy stored
on the main flash capacitor 6. Thus, one flash exposure
s made. | |

Next, the mode of Operation of the power saving
circuit B will be described in detail below. As described
previously, when the start switch 16 is thrown in, the
extremely-low-frequency oscillator 14 is activated so
that the potential at the output terminal b which has
been at a low level goes high. As a consequence, the
outputs from the NAND gates 19 and 25 are reversed
from a high level to a low level. As a consequence, the
capacitor 11 is charged and while it is being charged,
the extremely-low-frequency oscillator 14 is kept acti-
vated. When the capacitor 11 has been completely
charged so that no charging current flows any longer,
the mput to the NAND gate 9 changes so that the out-
put therefrom goes high from low and subsequently the
output from the next stage NAND gate 10, that 1s, the
potential at the output terminal b of the extremely-low-
frequency oscillator 14-goes from high to low. As a
consequence, the outputs from the NAND gates 19 and
25 change from a low level to a high level.

Then, the supply of the base-current to the power
on-off transistor 15 i1s interrupted so that the transistor
15 is turned off and consequently the supply of power
from the power source 1 to the extremely-low-fre-
quency oscillator 14 and the voltage accumulator 26 is
interrupted. The light-emitting diode 27 1s turned off.

Since the output from the NAND gate 25 goes high,
the voltage stored across the capacitor 24 in the voltage
accumulator 26 supphes the base current to the transis-
tor 30 to turn it on. | o

The mode of. operation Wlll be further discussed
mainly in conjunction with the oscillation transistor 3 in
the DC-DC converter 2. As described previously, as
soon as the capacitor 11 has been completely charged,
the outputs from the NAND gates 19 and 25 are re-
versed so that the power source 1 is disconnected from
the base of the oscillation transistor 3 and the base and
emitter thereof are short-circuited through the transis-
tor 30. As a result, the oscillation transistor 3 is turned
off and cornisequently the DC-DC converter 2 is turned
off. As a result, the energy consumption of the power
source 1 is suppressed.

The capacitor 11 is charged when the start switch 16
is turned on. If the charging time interval of the capaci-
tor 11 is predetermined, the energy consumption of the
power source 1 is always cut off a predetermined time
interval or charging time interval after the start switch
16 is closed. Thus, the wasteful consumption of the
power source 1 which occurs when the operator forgets
to turn off the on-off switch can be prevented. For
instance, if the transistors 15 and 3 are turned off about
a few minutes after the start switch 16 is closed, the
supply of power from the power source 1 is interrupted
without fail.
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Second Embodiment, FIG. 2

In the first embodiment, the power supply from the
power source 1 is interrupted a predetermined time
interval, for instance, a few minutes after the start
switch 16 is closed, that is, a time interval from the time
when the start switch 16 is closed to the time when the
capacitor 11 is completely charged. According to a
second embodiment of the present invention, the supply
of power from the power source 1 can be stopped at any
time even before the capacitor 11 is completely charged
as will be described in detail with reference to FIG. 2.

The second embodiment as shown in FIG. 2 is sub-
stantially similar in construction to the first embodiment
described with reference to FIG. 1 except that a power
on-off switch 31 is added between the power source 1

~and the power supply circuit 22 in the power saving

“device B. When the power on-off switch 31 is turned
- off, the supply of power from the power source 1 to the
power supply circuit 22 1s interrupted. As a conse-
quence, the power on-off transistor 15 is turned off and
the potential at the output terminal b of the extremely-
low-frequency oscillator 14 goes low even when the
capacitor 11 is still charged. As a result, the DC-DC
converter 2 is de-energized because the transistor 30 is
turned on and the light-emitting diode 27 is turned off.
‘Thus, the energy consumptlon of the power source 1 1s
interrupted.

~ In summary, accordmg to the first and second em-
bodiment of the present invention, when the start
‘switch 16 is closed, the DC-DC converter 2 is turned on
and concurrently the supply of power from the power
source 1 to the extremely-low- frequency oscillator 14
and the voltage accumulator 26 is started, the oscillator
~ 14 serving as a timer. After a predetermined charging
time of the capacitor 11, which is a timer means, the
power supply to the DC-DC converter 2 from the
power source 1 is interrupted so that the converter 2 is
forced to be turned off. The present invention, there-
fore, can eliminate the use of magnets and can pmvide
- the power saving device which is very simple in con-
struction yet highly reliable in preventing wasteful use
of power or energy.

According to the second embodiment, the power
on-off switch 31 /1s interposed between the power
source 1 and the power saving circuit B so that the
conventional power on-off operation can be also uti-
lized. Thus, the present invention has very high practl-
cal values.

- As described previously, the extremely-low-fre-
quency oscillator 14 is used to control a time interval
during which the power supply is continued. Briefly
stated, this oscillator 14 is used as a timer means so that
it is, of course, p0351ble to replace it with any other
suitable timer means which is capable of accomplishing
the same function.

Third Embodlment FIG. 3

A third embodiment of the present invention is also
apphed to an electronic flash system. It includes a timer
circuit 32 comprising resistors 34, 35, 38 and 39, a tran-
sistor 36 and a capacitor 37; a reset circuit 33 consisting
of a capacitor 45, resistors 46 and 47 and a transistor 48;
a trigger circuit 8 comprising a transformer 40, a resis-
tor 41, a trigger capacitor 42 and a synchromzmg
switch 43; and resistors 44 and 49.

The third embodiment is completely of the electronic
type and serves to prevent the wasteful use of power.
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As compared with the first and second embodiments
described above, the third embodiment is advantageous
in that is has fewer component parts and that the waste-
ful power-consumption preventive means can be reset
in response to the load as will be described in detail
below.

When the start sw1tch 16 is closed, the charge stored
on the capacitor 37 through the resistors 34 and 35 from
the power source 1 flows through the resistors 34 and
35. The current flows until the capacitor 37 is com-
pletely charged- after the start switch 16 is returned to
its initial state. To put into another way, the timer cir-
cuit 32 consisting of the resistors 3¢ and 33 and the
capacitor 37 functions to flow the current through the
resistors 34 and 35 for a predetermined time interval.

When the current flows through the resistors 3¢ and
35, the transistor 36 is turned on so that the current
flows through the resistors 38 and 39. Then, the power
on-off transistor 15 is turned on so that the current

flowing through the transistor 15 is supplied as the base

current to the oscillation transistor 3 in.-the DC-DC
converter 2 to actuate it in a manner well known in the
art. | ~

- Upon energization of the DC- DC converter 2, both
the main flash capacitor 6, the trigger capacitor 42 and
the capacitor 45 are charged. This charging operation
continues until the capacitor 37 in the timer circuit 32 1s

completely charged, that is, until the time when the

current. flowing through the resistors 34 and 35 can not
sustain the transistor 36 in the conduction state any
longer. In other words, when a time interval deter-
mined by the timer circuit 32 has been elapsed, no base
current is supplied to the oscillation transistor 3 so that
the DC-DC converter 2 is turned off. Consequently all
the capacitors except the trigger capacitor 42 start dis-
charging and are returned to their initial states in which
they are not charged at all. As is clear from FIG. 3, the
trigger capacitor 42 is so connected that when the sup-
ply of energy from the DC-DC converter 2 is inter-
rupted, the charge stored on it is immediately dis-
charged through the resistors 41 and 44. Thus, accord-
ing to the third embodiment, as soon as the DC-DC
converter 2 is de-energized, the flash operation is
locked, that is, it becomes possible to flash the flash
lamp 7.

- However, undel the so-called charging condition

" when the DC-DC converter 2 is activated and the main

30
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flash capacitor 6 is charged sufiiciently to flash the flash
lamp 7, if the synchronizing switch 43 in the trigger
circuit 8 is closed, the charge on the trigger capacitor 42
is discharged through the transformer 40 and the switch
43 so that a high voltage pulse induced across the sec-
ondary winding of the transformer 40 triggers the flash
lamp 7, whereby the latter flashes, consuming the en-
ergy stored on the main flash capacitor 6.

So far, the fundamental mode of operation of the
third embodiment has been described. If the supply of
energy from the power source 1 can be instantaneously
interrupted without causing the DC-DC converter 2 for
a predetermined time interval when a flash exposure is
suddenly stopped or the electronic flash device 1s re-
tracted, the power source can be more effectively used.
To this end, the lock switch 31 and the resistor 49 are

provided.

When the lock switch 31 is closed, the capacitor 37 is
connected across the power source 1 through the resis-
tor 49. An extremely short time constant 1s selected so
that as soon as the lock switch 31 has been closed, the
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capacitor 37 is immediately charged. That is, the timing
operation of the timer circuit 32 is immediately com-
pleted so that the DC-DC converter 2 is turned off and
consequently the wasteful power consumption can be
avoided.

As described above, when the lock switch 31 is
closed, the wasteful power consumption can be pre-
vented However, if it 1s readily closed, many adverse
effects result. It 1s, therefore, preferable that it is opera-

tively interlocked to a shoe locking mechanism which
controls the mounting of the electronic flash device on

the camera in the case of the third embodiment.

Since the third embodiment is applied to the elec-
tronic flash device, the reset circuit 33 is provided. The
object for preventing the wasteful use of the power
source 1 can be accomplished by the provision of the
timer circuit 32 and the lock switch 31 as described
above. In general, the electronic flash lamp. is repeat-
edly flashed so that if only the timer circuit 32 is pro-
vided, the start switch 16 must be closed every time
when a flash exposure is to be made. As a consequence,
the flash exposure operation becomes inconvenient or
cumbersome. The reset circuit 33 1s provided to elimi-
nate such inconvenient or cumbersome operation.

As soon as the flash lamp 7 is fired, the charge stored
on the capacitor 45 is discharged through the flash lamp
7 and the resistors 46 and 47 so that the voltage across
the resistor 47 drops and consequently the transistor 48
1s turned on which is connected in parallel with the
capacitor 37. As a result, the charge on the capacitor 37
1s immediately discharged and the circuit condition
becomes the same as when the start switch 16 is closed.
Therefore, the charging of the capacitor 37 is started
and the DC-DC converter 2 is activated again.

As described above, the reset circuit 33 is provided so
as to bring the timer circuit 32 to the state for starting
the timing operation depending upon the mode of oper-
ation of the electronic equipment into which are incor-

porated the timer circuit 32 and the reset circuit 33.
Thus, the above-described inconvenient or cumbersome

operation can be avoided. -
In summary, according to the third embodiment, the

10

15

20

25

30

35

switching element and the timer circuit are inserted in

to the loop for supply the base current to the oscillator
transistor 3 in the DC-DC converter 2 so that a power
consumption time interval can be limited, that is, the
wasteful power consumption can be avoided. The sys-
tem is entirely of the electronic control type so that the
construction 1s very simple and consequently both the
space and cost savings can be attained.

As described above, the third embodiment of the
power saving device in accordance with the present

invention is of the full electronic type so that the object

for preventing the wasteful use of the power source can
be accomplished by the simple construction. In addi-
tion, because of the full electronic type, the start switch
may be a normally open switch. In contrast with the
above-described prior art device which uses a magnet,
it suffices to close the start switch only once to supply
the power for a predetermined time interval. Therefore,
when the power saving device of the present invention
1s applied to the electronic flash device as described
hereinbefore in conjunction with FIGS. 1 through 3, an
automatic setting device, which can automatically set
the electronic flash device in operative condition in
response to the brightness of a subject, can be made
very simple in construction. Thus, the present invention
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1s very advantageous when used in a camera with a
built-in flash device.

More spectfically, it 1s desired that the electronic
flash device is controlled in response to the output sig-
nal from a brightness check circuit which senses the
brightness of a subject. In the case of the prior art mag-
netic type, a switch is closed to check the brightness of
a subject and is locked depending upon the detected

brightness. As a result, as long as the output signal from

the brightness check circuit exists, the switch will not
be released. In other words, the output from the bright-

ness check circuit keeps the magnet energized so that
the supply of power from the power source to the mag-
net through the power saving circuit can not be con-
trolled. As a consequence, a means which can control
the output from the brightness check circuit to continue
for a predetermined time must be added.

In the case of the “ON” type, the magnet must be
kept energized even when the brightness of a subject is
so high that the electronic flash device needs not to be
actuated. As a result, the object for preventing the
wasteful power consumption cannot be attained.

On the other hand, according to the present inven-
tion, 1t suffices to close the start switch only once to
actuate the electronic flash device and the power sup-
ply. Therefore, if the brightness check circuit is so de-
signed and constructed as to be actuated when the nor-
mally open switch or start switch 16 is closed and if an
electronic switch which is controlled in response to the
output signal from the brightness check circuit is used
as the switch for starting the power saving device, there
can be provided a means which can prevent the waste-
ful use of the power source, can ensure the extremely
efficient use thereof and can remarkably simplify the use
of the power source.

Fourth Embodiment, FIG. 4

The fourth embodiment of the present invention
which will be described in detail below with reference
to FIG. 4, was made to attain the above-described ob-
jects. More specifically, in the fourth embodiment the
present invention 1s applied to an electronic flash device
and 1s adapted to be actuated in response to the actua-
tion of a brightness check circuit so that the overall
operation can be much advantageously simplified.

The fourth embodiment shown in FIG. 4 is substan-
tially similar in construction to the third embodiment
shown i FIG. 3 except that there is provided a bright-
ness check circuit 56 comprising a brightness check
switch 50, a light sensor 51, a resistor 52, transistors 53
and 54 and a light-emitting diode, LLED, 55.

'The modes of operation of the timer circuit 32, the
DC-DC converter 2, the trigger circuit 8 and the elec-
tronic flash lamp 7 are substantially similar to those of
the third embodiment described in detail above with
reference to FIG. 3 so that no description shall be made
except that of the brightness check circuit 56.

When the brightness check switch 50, which is nor-
mally open, is closed, the power source 1 is connected
to the brightness check circuit 56 to actuate it, thereby
sensing the brightness of a subject. If the brightness of a
subject i1s so high that it 1s not needed to fire the elec-
tronic flash lamp 7, the voltage drop across the resistor
52 1s high enough to drive the transistor 53 into the
conduction state. However, if the brightness of an ob-
ject 1s too low, the voltage drop across the resistor 52 1s
so low as to keep the transistor 53 in the nonconduction
state. More specifically, when the brightness of a sub-
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- ject-1s high, the transistor 53 is turned on as described
“above so that the transistor 54 remains turned off. As a
result, the potential at the terminal X remains a potential
voltage at which the capacitor 37 is charged through
the resistors 34 and 35. On the other hand, when the
brightness of a subject is low, the transistor 53 remains
turned off so that the base current flows from the power
source 1 through the switch 50 and the resistors to the
transistor 54 to turn it on. As a consequence, the capaci-

tor 37 is discharged and the potentlal at the terminal X

drops to a low level.

If the brightness of a subject is low, the transistor 53
remains turned off while the transistor 54 is turned on so
that the potential at the terminal X drops to a low level
because the capacitor 37 is discharged as described
above. As described in conjunction with the third em-
bodiment, the timer circuit 32 is activated so that the
DC-DC converter 2 is activated for a predetermined
time inferval.

When the transistor 54 1s turned on, the light-emitting *

diode LED 85 is turned on so that the operator can
recognize not only that the brightness of a subject is so
low that a flash exposure must be made but also that the
DC-DC converter 2 is being activated. In addition, the
turned-on LED 55 indicates the time when the operator
can open the normally open switch 30.

As described above, according to the fourth embodi-
ment of the present invention, the power saving device
can prevent the wasteful power consumption only
when the brightness of a subject is low and subsequently
a flash exposure is to be made. Therefore, the energy of
the power source can be very effectively utilized with-
out any wasteful loss.

As described previously, when the lock switch 31 is
closed, the supply of power from the power source 1 is
instantaneously interrupted. Therefore, as described
previously, if it is readily or accidentally closed, some
adverse effects result. That is, it is not preferable that
the lock switch 31 is accidentally closed by an erratic
operation. Therefore, it is preferable that the operation
of the lock switch be interlocked with that of a shutter
release locking mechanism which controls the depres-
sion of a shutter release button when the present inven-
tion is applied to the camera with an electronic flash
device as with the case of the fourth embodiment.

In like manner, when the fourth embodiment is ap-
plied to a camera with a built-in electronic flash device,
it is preferable that the switch 50 is so designed and
constructed that it is closed when the shutter release
button is half depressed. With these arrangements, the
operation of the camera with an electronic {lash device
can be much simplified.

What i1s claimed is:

1. A power saving device for an electronic flash of
the type having a DC power source (1) a DC-DC con-
verter (2) comprising an oscillation transformer, an
oscillation transistor and a rectifying diode for convert-
ing a low voltage supplied from said DC power source
into a high DC voltage, a main discharge capacitor (6)
which is charged with a high DC voltage supplied from
said DC-DC converter, a flash lamp (7) which flashes
by consuming the energy stored in said main discharge
capacitor, and a trigger circuit (8) for causing said flash
lamp to flash, said device comprising:

a first electronic switching element (15) series con-

nected in a power supply circuit (22) source to satd
oscillation transistor in said DC-DC converter;
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a normally open start switch (16) which, when
closed, causes said first electronic switching ele-
ment (15) to conduct;

a timer circuit (14) having a timing capacitor (11) and
which is energized in response to the conduction of
said first electronic switching element (15) so as to
charge said timing capacitor (11) with energy sup-
plied from said power source via said power supply
circuit (22) said timing capacitor (11) being
charged through a path separate from said oscilla-

~ tion transistor (3);

a first switching circuit (19) responsive to an output
signal generated when the voltage charged across
sald timing capacitor (11) reaches a predetermined
value, for turning off said first electronic switching
element (15);

a voltage accumulator means (26) which 1s adapted to
be connected to said DC power source through
said electronic switching element (15) when said
start switch (16) is closed,
said voltage accumulator means (26) including a

second switching circuit (25) whose output is
changed when the voltage charged across said
timing capacitor (11) of said timer circuit (14)
reaches a predetermined value; and

a control switching element (30) which is turned on in
response to the change of the output from said
second switching circuit (25) so that said oscillation
transistor (3) is rendered non-conductive.

2. A power saving device as set forth in claim 1,
further comprising a switch (31) for arbitrarily control-
ling the supply of power from said power source to said
first electronic switching element 13.

3. A power saving device as set forth in claim 1,
wherein said electronic switching element comprises a
transistor (15) which is supplied with base current when
said start switch is closed so that said transistor (15) is
turned on and which is rendered nonconductive by said
first switching circuit (19) when the base current 1is
interrupted after a predetermined time interval which is
set by said timer circuit.

4. A power saving device as set forth in claim 1,
wherein said control switching element comprises a
transistor (30) which is driven into the conduction state
when supplied with base current from said voltage ac-
cumulator means (26), so that the base-emitter circuit of
said oscillation transistor (3) is short-circuited by said
control switching transistor (30).

5. A power saving device for an electronic flash com-
prising a DC power source, a DC-DC converter com-
prising an oscillation transformer, an oscillation transis-

- tor and a rectifying diode for converting a low voltage
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supplied from said DC power source iito a high DC
voltage, a main discharge capacitor which is charged

with a high DC voltage supplied from said DC-DC

converter, a flash lamp which flashes by consuming the
energy stored in said main discharge capacitor, and a
trigger circuit for causing said flash lamp to flash, said
device comprising:

a first electronic switching element (135) for supplying
base current from said power source to an oscilla-
tion transistors in said DC-DC converter (2);

a start switch (16) which is normally open and which,
when closed, causes said electronic switching ele-
ment (15) to conduct;

a capacitor (37) which 1s adapted to be charged
through resistor means (34,35) by said power
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source (1) and which is connected in parallel with
said start switch (16);

a second switching element (36) which is driven into
the conduction state when current flows through
said resistor means (34,35), thereby driving said
electronic switching element (15) into the conduc-
tion state,

whereby said DC-DC converter is kept energized
only when current is flowing through said resistor
means (34,35) to charge said capacitor (37),

said start switch (16) comprising a third electronic
switching element (54) which in turn is controlled
by a normally open start switch (50);

a brightness check circuit (86) comprising a light
sensor (51) connected to said power source when
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said normally open switch (50) is closed, so as to
sense the brightness of a subject; and

a switching circuit comprising a fourth electronic

switching element (53) which is controlled in re-
sponse to the output from said light sensor so as to
cause said capacitor (37) to be discharged when the
brightness of a subject is so low that said electronic
flash lamp must be fired,

whereby when the brightness of a subject is less than
a predetermined value, said DC-DC converter is
kept energized during the time when said capacitor

is charged and current flows through said resistor
means (34,35).
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